The severe bombing of Belfast in 1941 had far-reaching consequences. Harland and Wolff was crippled. The British Merchant Ship Building Mission to the USA was being constrained by the UK treasury. On being told of the Belfast destruction, the British Mission and the United States Maritime Commission were emboldened. The result was 2,710 Liberty Ships launched to a British design. The necessary asbestos use associated with this and other shipbuilding, after a quarter century or more latency, is a genesis of malignancy killing thousands. Reversal of studies on asbestos limitation of fire propagation was crucial to Allied strategic planning of mass-fires which resulted in the slaughter of one to two million civilians. Boston and Belfast institutions made seminal discoveries about asbestos use and its sequelae.
INTRODUCTION
Shipbuilding in World War II is a significant aetiology of the malignancies caused by asbestos. US incendiary bombs contained asbestos and possibly air-raids disseminated the risk. Certainly warfare critically influenced the trade and application of asbestos. Regulation and risk-analysis was thoughtful and based on the history of mass-fires which occur rarely. Hamburg (1943) , Dresden (1945) , Tokyo (1945) and a score of other Japanese cities (1945) were destroyed by mass-fires triggered by incendiary bombs. Kassel, Darmstadt, Heilbrun, Wuppertal, Wesar, Magdeburg, Wurzberg, and possibly Lübeck and Belfast (1941-45) also suffered the same fate 1, 2 . Most large fires are line-fires: for example London (1666), Chicago (1871), San Francisco after the 1906 earthquake and Los Alamos (1999). Mass-fires have a unique feature which consists of almost instantaneous combustion of many fires over a large area. Enormous volumes of air are heated, rise and suck in new air at hurricane speed. The terms "conflagration" and "fire-storm" are poorly defined and should be eschewed 1 .
The roles of Queen's University and Harvard in description, history and risk assessment of the diseases caused by asbestos -essentially all mesotheliomas, 3-5 percent of cancer of the lung and asbestosis -is long-standing and far-ranging [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] .
LOGISTICS OF ASBESTOS
US asbestos use in the Depression year 1932 was 197 million pounds annually. By 1937, it was 633 million. During the World War II years it averaged 783 million pounds. During the early Cold War rearmament it exceeded 1,400 million pounds, which did not decrease until the middle 1970s. In 1990 it was 90 million pounds 15 . Asbestos use in the United Kingdom follows a similar historical pattern (Tables I and II) 16, 17 .
Asbestos is chiefly mined in South Africa (and Zimbabwe), and in the Province of Quebec especially near the towns of Thetford Mines, Asbestos and Black Lake 18 . The use of asbestos was patented in the late 1820s: the price fell in the 1890s from £32 per ton to £7 ten shillings by 1904. The UK did not mine asbestos 16, 17 and the US imported 94% of its Table I .
Historical trends in asbestos use in the USA and UK. "Use" is defined as production plus imports minus exports 16, 17 . 23, 24 . By World War II this technology had been refined with asbestos board as the standard of noncombustibility 22 . The classification furnace became known as the Steiner Tunnel 25 . These British, UL, NFPA and ASTM standards were used in planning Allied bombing of Japan and Germany [19] [20] [21] [22] [23] [24] [25] .
SHIPBUILDING
In 1922 the US Navy specified asbestos use in new submarines. South African chrysotile asbestos was specified for gaskets, insulation, packing and tape. Transvaal amosite asbestos was essential for light-weight and high insulation. In 1939 the US classified asbestos as a critical material and stockpiling began as world-wide demand exceeded supply 26 . 30 . The boiler shop of Harland and Wolff was destroyed as were copper and bolt processing factories. A six-story brick wall of a flax spinning company collapsed. The Ulster Hospital for Children and Women in Templemore Avenue was severely damaged. Eire sent thirteen fire engines: ten large pumps came with four hundred firefighters by destroyer and ferries from bombed Liverpool and Preston. Five heavy and twenty-seven large pumps came from Glasgow. Firefighters complained of lack of oxygen in the air. Seven hundred and eighty persons died, many unwounded but asphyxiated by the possible massfire. There were also 420 seriously wounded that night. Five German bomber-planes were destroyed 30 .
On the night of May 4 th , 204 German bombers dropped 219 metric tons of bombs on Belfast and 96,000 incendiary bombs. Ernst von Kuhren, a German war reporter flying with the Luftwaffe reported: "When we approached the target at 2:30 we stared silently into a sea of flames such as no one had seen before. Then, after a time, our squadron leader, who had already made over one hundred flights said: 'No one would believe it". In Belfast there was not a large number of conflagrations, but one enormous conflagration which spread over the entire harbour and industrial area…within the target area there is not one black spot. In the district of the docks and wharfs, factories and storehouses, an area of about one and a half square kilometres, everything was on fire" 33 . Chater Street, part of City Hall and a police station on Glenravel Street were destroyed. From the hills surrounding Belfast this apocalypse appeared "a great ring of fire, an inferno as if the whole city was ablaze" 30 . The whole sky was pink. Pulsating fire could be clearly seen from forty-five miles to the west and the smoke plume from Liverpool to the east 33 . Food became almost unobtainable and for many the water supply was unreliable for ten days.
Harland and Wolff was again very severely damaged. Production went to zero increasing thereafter by ten percent of capacity each successive month. Dublin and other Eire fire brigades once more helped despite scores of delayed action bombs and mines. Water mains again failed and there was difficulty tapping the Farset River and Connswater especially after the tide turned. The Eire units tapped the Lagan.
The Hedley-Whytes' one hectare lawn was covered with blown burnt debris for three weeks from April 16 th . Until the start of Barbarossa, on June 22 nd -the German invasion of the Soviet Union -Belfast refugees streamed past the HedleyWhytes' drive night after night (Fig. 2) . Some returned each morning to work in the city. One group threatened to eat John Hedley-Whyte's pet live bantam cockerel, and thereafter he . Land was a football star and a pithy public speaker. "If you want fast-ships, fast shipbuilding, fast women or fast horses, you pay through the nose for them" 40 . Possibly Land's testimony was influenced by Harvard Professor of Economics and wartime colleague Joseph A Schumpeter's testimony: "I intend to be the World's best economist, best lover of women and best rider. I am having trouble with the horses" 41 .
The remit given RC 40 . The British Admiralty then insisted on enlargement of the plans for Hull 607 to allow Hull 611 to eventually become Empire Liberty. The change in ship specification did not alter the building of the new yards. The proposed deal made a mockery of the UK Treasury. RC left New York on the Western Prince on December 6, 1940, his draft contract documents and provisional deals with potential suppliers in his briefcase. When alone some 250 miles south of Iceland the Western Prince was torpedoed and sunk by U-96 whose crew flashphotographed the sinking. Captain Reid, nine crew and six passengers were drowned. RC was asleep when the torpedo struck. "The vessel shuddered and seemed to stop. I threw on more clothes, grabbed my dispatch-case in which were the Mission's documents and rushed up on deck…I scrambled into one of the lifeboats…We were alone in a waste of sea that was dark grey and menacing. A heavy sea was running and there was a cutting Arctic wind. The temperature was below freezing…Thirty people were huddled in the bottom and the spray froze as it hit them" 40 . For nine hours RC kept pulling at his oar. Suddenly just as a dreadful night loomed, the British Baron Kinnard was sighted westbound. After the rescue the Admiralty provided as escort destroyer HMS Active and together they made Gourock at 10:00 a.m. On the Atlantic Coast, yards were built for the Liberty ships' standardised mass-production near Baltimore (Maryland), Brunswick (Georgia), Jacksonville (Florida), Savannah (Georgia) and Providence (Rhode Island). On the Gulf Coast yards were built at Mobile (Alabama), New Orleans (Louisiana), Panama City (Florida) and Houston (Texas). On the Pacific Coast, yards were built near Los Angeles (California), Vancouver (Washington), and Sausalito (near San Francisco, California), Portland (Oregon) and the Permanente Yards at Richmond (California) (Fig. 4 .
On Januar y 20, 1942, in preparation for this massive expansion of ship-building, the first Asbestos Conservation order was issued 47 . FDR's presidential order essentially banned the use of asbestos for non-military purposes; priority was given to merchant and US and Royal Navy ship-building. In December 1942, with an acute asbestos shortage, these regulations were further tightened and not relaxed until December 1944 46 . All asbestos conservation orders were revoked by August 31, 1945 46 .
REVERSE FIRE SAFETY; REVENGE

Forest J Sanborn of Factory M u t u a l L a b o r a t o r i e s a n d Improved Risk Materials, in 1942
Fig. 4B Malignant mesothelioma: Age-adjusted mortality rates by county, US residents age 15 and over, 1999, with locations of the fourteen Liberty ship construction yards in the USA (red dots) 44 .
Deaths/Million/Year >20.6 13.0 -20.6 0 -13.0 Zero or <5 deaths
Note the high incidence of asbestos-related disease in areas surrounding the 1941-45 major Liberty ship-building efforts, and the long latency, often over half a century 45 . The majority of sites of Liberty Ship building were either closed or curtailed in 1945. The proportional rate of asbestosinduced death in former shipyard workers is sixteen times that of the average of other occupations. became a Major in the US Army Chemical Warfare Service, a service whose responsibilities included fire propagation 48 . He was seconded to the UK Government Laboratories at Princes Risborough, where John F Baker (later Lord Baker of Windrush FRS) was in charge of the Design and Development Section of the UK Ministry of Home Security. There the Anglo-American team Stradling RE8 soon co-opted NFPA chief engineer, James K McElroy and his NFPA colleague Horatio Bond. RE8 prepared fire vulnerability maps and target analyses which were reversed images of fire-risk maps prepared by the Sanborn Map Company. McElroy states, "We were asked to go into General Lauris Norstadt's office in the Pentagon with our first Japanese industrial target map. We had the map hand coloured. The reinforced concrete structures were shown in brown, the combustible roof part of the target in red, and so on. We went in and laid it on his [the General's] desk… [As] Deputy to General Arnold in command of the The planning protocol to Allied bombing generated massfire. This photo and its overlay constitute a fire susceptibility plan-a reverse fire protection plan, therefore known as a reverse Sanborn map. This fire susceptibility plan was constructed from photographic reconnaissance by professional fire experts.
Incendiary Attack and defence of a Japanese urban area Boundary of target sectors Natural firebrake "The plan evidently contemplated starting six secondary fires at points marked (2F) with expectation that they would join to produce a mass-fire that would sweep the entire area. It will be noted that the boundaries of target sectors follow existing firebrakes wherever possible.
Fire No. 1 was kept from spreading laterally and was driven into pocket formed by firebrakes in the upper corner of the sector, about half of which was destroyed.
Fire No. 2 was stopped along the line of rail trackage, although the remainder of the sector was burned out. This was the most destructive fire, yet it did not spread into the next sector.
Stopping of fire No. 3 along an air gap was no doubt facilitated by the diagonal direction of the wind. Six blocks of houses were destroyed, but the remainder of the sector was saved.
For fire No. 4 the same tactics were used as for fire No. 1; lateral spread was stopped and the fire died out against firebrakes without spreading to adjoining sectors. Fire No. 6 was actually a series of primary fires in a sector where fire susceptibility was only fair. The stopping of fire No. 5 probably saved this sector from more serious damage.
Obviously the attack was handicapped in this situation by the direction of the wind. On the other hand, the fire defence took full advantage of this fact. In subsequent attacks of this area, the chances of starting a mass-fire would be slight." (From . So was focused the overwhelming onslaught on each of sixty-nine cities, almost every Japanese city with a population greater than Belfast: sixty percent of Japanese urban areas were destroyed 50, 51 . Nineteen million incendiary devices were dropped on Japan in the first eight months of 1945 (Fig.  5) . Two hundred and fifty million incendiary devices were produced by the US Chemical Warfare Service of which 65 million were supplied to the RAF 52, 53 .
The US fire-bombing of Japan from B29 Superfortresses commenced on November 24, 1944 and continued until August 15, 1945 , after the second atomic bomb had been detonated above Nagasaki on August 9 th . Single raid totals of more than one hundred thousand Japanese civilian fatalities in one mission were achieved several times, overwhelmingly by fire 54 56 . Sir Max Hastings writes that mass-fire fatalities are a 'guesstimate' and that this fatality figure is closer to one million of which approximately an eighth were the combined result of the uranium and of the plutonium bomb 57 . Captain Professor Sir Michael Howard OM has written poignantly and incisively on the ethics and shades of justification for and against the causation of mass-fire in World War II 58 * . In mid-August 1945, at cease-fire, although 2,550 kamikaze planes had been expended there were still 5,500 left: 5,000 young men were in training to deliver them from dispersed grass strips and caves to cause further untold damage 61 . Japan had an undefeated and well-munitioned army of over one million soldiers on its home islands. Six thousand Japanese planes were furthermore available for orthodox fighting 62, 63 . Final figures for Japanese deaths due to Allied World War II actions are difficult to ascertain: there exist, in reverse order of magnitude, Japanese official figures, US bombing survey figures, and more recent estimates, a total of 3,553,000 Japanese women, men and children [56] [57] [58] 61, 62 . The circumstances and analysis of this horrendous slaughter proved the efficacy and ability of asbestos to save lives, and its absence to highlight vulnerabilities.
TRUMAN, BAKER AND THE LIBERTY SHIPS
During World War II the Liberty ships suffered structural problems. John Baker was called to Cambridge from Princes Risborough in 1943 (Fig. 6) 63 . The Cambridge University Engineering Department of which he had become head was commissioned to undertake investigation of the Liberty ship accidents 64 . Drs Frank B Bull, John Heyman, Michael R Horne and Constance F Tipper co-authored scientific and technical papers with their chief [65] [66] [67] [68] . Frank Bull met with RC who lent a Liberty ship, Empire Duke which RC's yard had built in 1943 69 . Meanwhile Senator Harry S Truman headed the Special Committee Investigating the [US] National Defense Program. Truman and his committee determined that the steel plate manufactured by United States Steel Corporation for Liberty Ships "was defective and that the physical tests to which the finished steel plate was subjected to determine its tensile strength were faked and falsified" 70 . Dr Constance Tipper (1894-1995) in her investigations showed some of the steels with the incorrect manganese content to be notch-sensitive 68 . The Cambridge research on the plasticity of steel laid the foundation for successful replacement of human joints with specialized steels. British-produced steel was more trustworthy 69 
ASBESTOS POST WORLD WAR II
By 1955, less than a hundred cases of asbestos-related disease were known to have occurred anywhere in the world 3, 73 . On average, in the United States alone 10,000 persons per year were killed by fire in the first half of the Twentieth Century 74 . Almost forty percent of these fire deaths were children. All of the asbestos-related diseases occurred in adults 75 . The reasons physicians and fire-safety experts were slow to realise the onset of the epidemic of asbestos-related diseases have been well-reviewed. They range from failure to diagnose to unwillingness to read German 76 . One of the most cogent strictures was made by JS Logan, H Bharucha and J Sloan who complained that the Queen's University pathology report on thirteen cases of mesothelioma in 1958 77 would have improved industrial health if the occupation of the deceased had been told to the pathologist 4 .
A FATAL SEQUEL
Currently 60-92 persons in Northern Ireland die each year from the effects of asbestos inhalation (Fig 7) 78 . In the rest of Great Britain, each year in this first decade of the TwentyFirst Century, about 1,600 die 79 . In the United States each year, there are approximately 4,000 deaths, attributed at least in part to asbestos. The median age of these fatalities is 73 years 80 . In 1999, 2485 persons in the US died of malignant mesothelioma and 1,265 of asbestosis without apparent malignancy. The balance of about 300 deaths is attributed to asbestos causing cancer of the lung 80 . The proportional mortality rate for asbestosis of former shipyard workers is sixteen times that of the average of other occupations 80 . These deaths are disproportionately concentrated in areas where, as President Franklin Delano Roosevelt put it, "The bridge across the Atlantic" was built. (Fig 4) 81 with "Liberty, the ship that won the war". The timing of the destruction of Belfast -proportionally the most seriously damaged of UK cities, was not to German or Japanese advantage. Parsimony of the UK Treasury was rendered moot and the Allied response overwhelming.
